Introduction
With the ever expanding small boat market and specialised interest in racing boats coupled with the increase in the navigation and marine control electronics industry which supports this 
The Simulation
The overall system is achieved by summing the force vectors from the individual modules and applying Newton's s second law. The complete boat model is presented in Figure  2 . The small boat simulation is required to run at real time and to have a sample interval to be quite short, in the order of 50ms to 100ms, since the autopilot requires heading and rudder information at about this rate. With such a small sample interval, the states are assumed monotonic between successive steps. The computer simulation is written in C and is designed for an IBM personal computer equipped with an 8087 ma th-coproc essor. 
Model Verification
Initial verification of the model was achieved by taking each module in isolation and supplying it with inputs which generate a known result. Simple manoeuvres, in particular those which settle to a steady state condition, exempli gratia, turning circles, were used to verify the performance of the complete system.
Model Validation
Boat trials with the Royal National Lifeboat Institution provided data for validation purposes. Amongst other manoeuvres, a whole series of turning circles and Kempf manoeuvres were carried out at various rudder angles and forward speeds (Ref.4) .
The turning circle is a fairly rudimentary, but nonetheless extremely useful, manoeuvre which yields the steady rate of turn for the particular rudder deflection, and it provides an initial impression of the performance of the mathematical model. Allowing for the effect of the waves, comparison of real and simulated data ( Figure 3) shows a close match, especially with the steady state values.
The Kempf manoeuvre, although again used to determine how the rudder affects the boat's turning ability, tends to provide continual reversals in the rudder command, and consequently the boat is set into an oscillatory pattern. This manoeuvre was originally designed for large ships, and when transposed to small boats becomes quite a severe manoeuvre. Therefore, a model capable of following these fluctuations provides good reason to believe that it will closely match any boat manoeuvre.
The oscillations in the Kempf manoeuvre tend to swamp any wave effects appearing in the actual roll trace (Figure 4) . The 
